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test･Thistestwasonce,and som etime s s t ilis ,co n s ideredtheultimateguide
















































































u lar computationtobeassessed. Forourpurposes,itwilbesufRcientto























































































































































oftheargumentasunmotivated sp ec ulation.
Someofthereactions h ow ever p lnpOintsubstantialissuesandmustbead-















































































intrinsiclevellanguageofclassic a l p h y s i c s . Considerationofthisproblemhas
led sometospeculatec o n c e r n in g a P r i n c i p le o f ' e m ergence'.Certainlysome
prlnCiplemustsupp le m e n t t h e e d ic t s o f c la s s i c a lp h y s i c s butascienti丘ctheory
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mustgofurther,supplyingnotonlyanamebutalsoattemptinganexplanation
oftheintuitedfeaturesofconsciousness.
Thedistinctionbetweentheintrinsicandextrinsicmodesofdescriptionis
constitutedintheaccessibilityofrelationaldata.Relationsbetweenelements
thatcanbeexplicitintheextrinsicmodemustremainimplicitintheintrinsic
mode.Simultaneousaccesstorelationalinfわrmationisthecrucialdetermi-
nantofanextrinsicleveldescription.Theintuitioninthecomputationalist
campisthattheinformationtosupportconsciousnesscanbeaccumulatedin
apiecemealfashion,thatitneednotbemadeavailablesimultaneously,that
informationcanbestoredthroughoutthebrainandcomposedlittlebylittle･
Thisintuitionconcealstheimplicitassumptionthattheorderingrelationsin-
herentinspacetimecanbeusedtoprovidetherelationalinformationnecessary
toreconstructanextrinsicleveldescription･ThecomputationalistimaglneS
'loading'informationintoanabstract'space'･Onaclassicalaccount,the
s`pace'involvedcannotbephysicalspacetimeorwearereducedtoanintrinsic
modeofdescription.Butifitisnotactualspacetimethenwhatsupportsthe
orderingrelationsandhowaretheymaintained?
Withinthescopeofcomputationalproblemsgeneralyconsideredtheas-
sumptionthatphysicalspacetimeshouldprovideorderingrelationshasalmost
indiscriminatevaliditysincecomputationalproblemsdonotgeneralyrequire
anextrinsicmodetobeinvoked･Alformsofdigtalcomputation'borrow'rel
lationaldatafromthestructureofspacetimewhenever'memory'isinvokedor
whenever`output'iswritten.Thisisindependentofspeci丘carchitectures.It
applies,notonlytostandardYonNeumanncomputersbutalsotoneuralnet-
worksandotherparalelarchitecturesandcanbeseeninthegeneralcontextof
auniversalTuringmachine.InaTuringmachinetheorderingofspacetimeis
concealedwithinthestructureoftheくtape'andthe`borrowlng'oftheinherent
relationalinfbrmationisdisguisedwithinthestandardcommand,"Advance
thetape."ThisinstructiontotheTuringmachinebringsaparticular0or1
underthereadingdevicewhichparticular0or1isdeterminedbythestructure
ofthetapeitself.Itisthetapethatpreservestherelationofevery0and1
writtentheretoeveryother0and1.Itisthisstructurethatunderliesand
supportstheorderingofO'sandl'sonaTuringmachinetapeandlikewise
m`emorystorage'ando`utput'inarealcomputer･
Theseconsiderationsintroduceadilemma.Ifconsciousstatesarestatesin
physicalspacetime,thentheimpositionofalocalityconstrainteliminatesthe
possibilityofextrinsiclevelphenomenal･Ifconsciousstatesareinsomeway
1Moreover,ahomonculusproblemisintroduced.Ifthevisualperceptionofascenefor
instanceissomethingthatocclrSphysicalyinthebrain,thenwewouldseemtoberequlrlng
thattherebealittleman,ahomonculus,intheheadtoperceivetheperception.Thiscannot
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'unphysICal',ifwetakeseriouslythe'mental'featuresofpsychologlCalstates,
thentheorderingofspacetimeisnotavailabletoprovidetherelationalin-
formationnecessarytoanextrinsicdescriptionandwerequirethereforesome
otherspacetoperformthesamefunction.Thecomputationalistviewofcon-
sciousness,aviewwhichadoptsthelatterstrategy,appearstobecovertly
dualistandwouldthereforeseemtobebesetbythesameproblemwhich
plaglユeSanydualisttheory:howdothetwoseparatespacesinteractwithout
violatingconservationtheorems?Apparentlytheonlywaytoavoidtheex-
travagantintroductionofanentirelynewspaceanditsattendantdi用.culties
istorelaxthelocalityconstraint･Droppingthisrequirementalowsextrinsic
leveldescriptionstobeexpressedwithinphysicalspacetimebutalsoneces-
sarilytransportsuSfromtheclassicalrealmtoaquantumdomain.Physical
considerationsthenappeartopointinthesamedirectionasPenrose'smathe一
maticalresultbutarriveatthesameconclusionbyanindependentroute.An
explanationofthespeci五Calyconsciousaspectsofwhatthebraindoesshould
requlreSOmequantumCOmpOnent.
5 0utlook
Theargumentsconsideredheredonotindicatehowaquantlユmelementmight
beinvestedintoatheoryofconsciousnessbutseveralavenuesofresearchare
currentlybeingexplored【6,7,8,9,10,ll,12,13,14,23,24トRecentworkon
quantumcomputation,forexample,hasunc?veredanentirelynewparadigml3]
thatoferstheintriguingpossibilityofbiologicalinstantiation.Thepurequan-
tumstatesrequired玩)rquantumcomputationhavegeneralybeendeemed
muchtoodelicatetosurviveamidstthethermalnoiseofbiologlCalenviron一
ments.Ithasrecentlybeendemonstratedhoweverthatthesmaldeviations
fromequilibriumobservedinthequantumdescriptionofamacroscopICensem-
blecanbeefectivelytreatedasapurequantumstateofmuchlowerdimension.
Ratherthanisolatingthequantumsystemfromtheenvironmenttopreserve
itscoherence,apurestateisstatisticalyrecreatedfromanunprotectedmixed
state.Thisworkmakesquantumcomputationanexperimentalrealityatroom
temperatureandpresentsafeasibilityargumentforquantumsystemsinbiol
loglCalmedia･
Similarly,modelsinvolvingmacroscoplCOrderedstateshaveattemptedto
bridgethegulfthatcurrentlyliesbetweenabstractargumentsfわrtheindis-
pensabilityofquantumtheoryinexplainlngCOnSCiousnessandtheconcrete
constituteanexplanationofconsciousnessthensinceitintroducesaconsciousentityinthe
explanationandaninfiniteregresstherebyensues･
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realitiesofbiology[1,2,21,22].Thesemodelsescapethedestructivein且u-
enceofathermalenvironmentbymaintainlngaCOnStantSupplyofenergy,ln
muchthesamewaythatlasersmaintainastateofquantumcoherenceatroom
temperature.Thequantumsystemislocatedsubcelularlyinthenetworkof
microtubulinthatsuppliesthecelwithenergy.BiologlCalinstantiationsof
thiskindhavebeguntospeculateaboutthemannerinwhichlivingsystems
mighttakeadvantageofquantumvariablestoachieveaninformationalcapac-
itymuchgreaterthanclassicalcounterparts.
Thattheexplanationofthecomplexmachineryofconsciousnessshould
findasubcelularcomponentisindependentlysuggestedbythesiteofaction
ofgeneralanestheticsl5]･Medicalresearchershave.accumulatedawidear.ray
ofchemicalsubstancesthatreversiblyablateconsclOuSneSS.PhysicochemlCal
similaritiesamongstthesesubstancesimplicatenon-polarglobularproteinsas
thesiteofaction,speci丘Calyhydrophobicpocketsinmembranelipidsand
microtubulin.Sincethebindingofgeneralanestheticsdoesnotchangethe
membranepotential,itishardtosee,onapurelyneuralaccount,howthey
mightalterthefunctionlngOfthebrainsoprofoundlyastoremoveconscious-
ness･Thismight五mdmorenaturalexplanationinasubcelularcontext･
Certainlyourintuitionrebelsagainsttheideathatsomethingsoseemlngly
forelgntOOurconceptOfthebrainshouldplayanecessaryroleinthegener-
ationofconsciousness･Andcertainlyourcurrentunderstandingofthebrain
providesnoconvenientnichefortheinstalationofaquantumconnection.
Butjustascertainly,itisthroughtheconstructiveinterplayoftheoretical
considerationsandexperimentalfindingsthatscienceisadvanced.
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